ABSTRACT -Oral toxicity of 4-methylbenzoic acid in male and female Sprague-Dawley rats was proreproductive/developmental toxicities (the reproduction/developmental study) conducted under Organisation for Economic Co-operation and Development (OECD) test guidelines. Daily administration of 4-methylbenzoic acid, at a dose level of 0, 100, 300 or 1,000 mg/kg, did not show any adverse effect on reproductive organs of animals in the 28-day study. In the reproductive/developmental study, however, 1,000 mg/kg/day of the compound reduced epididymal weights and increased incidence of cauda epididymal oligo/azoospermia. While the compound did not affect estrous cycle or mating performances, 1,000 mg/kg of the compound reduced fertility. Furthermore, 300 mg/kg or more of the compound increased pre-implantation loss, which resulted in a decrease in the number of offspring, and reduced body weight gain of the dams during the latter period of gestation. From these results, the no-observed-effect-level (NOEL) for reproductive/developmental toxicities is considered to be 100 mg/kg, whereas 1,000 mg/kg did not show any effect on neonates. In the 28-day study, NOEL is considered to be 300 mg/kg for male and female rats, since 1,000 mg/kg of the compound caused, in both sexes, a few minor changes, such as temporal salivation, a slight increase in food consumption and a moderate increase in blood aspartate aminotransferase (AST) activity. Thus, 4-methylbenzoic acid has the potential for reproductive toxicity, with diverse adverse effects on the epididymis, after repeated administration, observed in the two studies.
INTRODUCTION
Faced with an enormous number of existing chemicals that lacked hazard information, the Organisation for Economic Co-operation and Development (OECD) decided, in 1990, to undertake an investigation of such chemicals in cooperation with its member countries. They gave priority to high production volume (HPV) chemicals in collecting the data for an initial assessment of the hazard. A project was launched in 1990 to complete the dossiers of screening information data sets (SIDS) of toxicity for HPV chemicals through testing, and the work has been done cooperatively in Japan, as well as in other countries. Since 1991, we have participated in the testing under the auspices of the Ministry of Health (, Labour) and Welfare.
4-Methylbenzoic acid (p-toluic acid) was selected from the OECD List of HPVs (OECD, 2004) . 4-Methylbenzoic acid is produced at levels greater than 1,000 tones per year and is used in the manufacture of dye stuffs, colorants and paints; agrochemicals; and anticorrosive additives, as well as being an intermediate in the manufacture of polyethylene terephthalate. Although oral LD 50 values in rats and mice have been reported as 3,113 mg/kg and 2,115 mg/kg, respectively (Mineshita et al., 1978) , its toxicological properties are little known. The present study -zoic acid according to the standard protocols, "Repeated Dose 28-day Oral Toxicity Study" (the 28-day study) and "Reproduction/Developmental Toxicity Screening Test" (the reproduction/developmental study), in rodents (OECD, 1997a (OECD, , 1997b .
MATERIALS AND METHODS

Test substance
4-Methylbenzoic acid , purity 98.95%) was supplied by Toray (Tokyo, Japan), and was kept at room temperature until use. To prepare dosing -pended in a 0.5% sodium carboxymethylcellulose solution, and each dose was adjusted to a constant volume of 5 ml/kg. The stability of the suspended compound in the vehicle and the content and uniformity of the compound -tute.
The doses used in the studies were determined based on a preliminary, 7-day, repeated dose, oral toxicity study of the compound, in which a dose level of 1,000 mg/kg did not show any toxic effects. This was considered sufficient for the highest dose, and the doses used in the present studies were set at 0, 100, 300 and 1,000 mg/kg.
Animals
Male and female rats of the Sprague-Dawley (Crj: CD(SD)) strain were purchased from Charles River Japan (Atsugi Breeding Center, Atsugi, Kanagawa, Japan). For the 28-day study, the animals were purchased at 4 weeks of age, and after an 8-day quarantine period, the animals were divided into 4 groups of each sex according to a the day before initial dosing. For the reproduction/developmental study, the animals were purchased at 7 weeks of age and quarantined for 7 days. After the quarantine period, the female rats were monitored for estrous cycle by observing daily vaginal smears for 2 weeks. At 10 weeks of age, the females revolving on a regular 4-day estrous cycle and the males were divided into each 4 groups by the same method as used in the 28-day study.
These animals were kept individually in metallic cagthe reproduction and developmental study, which were (Paper Clean, Nippon SLC, Hamamatsu, Japan) from 18 days after copulation. The animal rooms were maintained with a light-dark cycle of 12-hr (lights on 7 hr), and temperature and relative humidity were controlled to 21.0-25.0°C and to 40.0-75.0%, respectively, with air ventilation at 15 complete changes per hour. The animals were supplied with solid rodent chow (CE-2, CLEA Japan, Tokyo, Japan) and tap water, ad libitum.
Experimental design
All procedures described here were approved by the Committee on Animal Experiments of Hatano Research Institute, Food and Drug Safety Center.
The 28-day study Groups given 0 and 1,000 mg/kg of 4-methylbenzoic acid comprised 10 animals of each sex, including 5 animals of each sex for the 2-week recovery study after the 28-day administration of the compound. The groups given 100 and 300 mg/kg comprised 5 animals of each sex.
Administration was begun at 5 weeks of age, and the initial day of the administration was designated as Day 1 of treatment. All the animals received daily administration of the compound by gavage for 28 days at a fixed time every day, and the initial day of recovery was designated as Day 1 of recovery.
Signs of toxicity were daily observed. Detailed cliniguideline 407 (OECD, 1997a) in all animals prior to the initial administration, and once a week thereafter until the end of the recovery period. The observers were unaware of the treatment of each animal. Findings were recorded using a scoring system. In addition to the detailed observation of clinical signs, a 4-item neurobehavioral test battery assessing auditory and visual functions was administered at the last week of treatment. Body weight was measured 3 times during the first week of the treatment, and twice a week thereafter. Food consumption was determined weekly.
Urinalysis was performed at the final week of treatof all animals was collected for 4 and 24 hr in a metabolic cage, and was examined for pH, occult blood, protein, ketone bodies, urobilinogen and bilirubin, semi-quantitatively using a urine test strip analyzer (Clinitek 200+, Bayer Medical, Tokyo, Japan) , and for its color, turbidity and sediments. The volume and weight of the 24-hr urine calculated. Necropsy of the animals was performed after 18-24 the day following the recovery period. Under anesthesia with pentobarbital sodium, blood samples were collected from the abdominal caval vein by syringe, with sodium citrate as an anticoagulant, for determination of coagulation times; with EDTA-2K potassium, for hematological examination; and with heparin, for blood chemical examination. Then, the animals were killed by exsanguination
In addition to these organs, spinal cord, lungs, bronchi, stomach, ileum, colon, seminal vesicles, ovaries, uterus, vagina, urinary bladder, thyroid gland, femoral marrow, mesenteric lymph nodes, mandibular lymph nodes -ered formalin for histopathological examination. The tesbuffered formalin. These organs/tissues were then procthe blocks were stained with hematoxylin-eosin (HE).
Hematological examination was carried out using automatic blood analysis apparatus (CELL-DYN3500SL, Abbot Diagnostics, IL, USA) for cell counts (erythrocytes (RBCs), leucocytes (WBCs) and platelets), hemoglobin concentration and differential WBC counts. Hematocrit, mean concentration of hemoglobin in the RBC (MCHC) and mean content of hemoglobin in the RBC were calculated. The prothrombin time (PT) and activated partial thromboplastin time were measured using a fully automatic analyzer for blood coagulation (CA-1000, Toa Medical Electronics, Saitama, Japan).
In the blood chemical examination, plasma concentrations of total protein, albumin, total cholesterol, glucose, blood urea nitrogen, creatinine, triglyceride, total bilirubin, inorganic phosphorus and calcium and activities of aspartate aminotransferase (AST), alanine aminotranstranspeptidase (GTP) were determined using a centrifugal automatic blood chemical analyzer (COBAS-FARA, Roche Diagnostics, Basel, Switzerland). Ratios of albumin to globulin were calculated, and plasma concentrations of sodium and potassium were measured using an automated electrolyte analyzer (EA05, A & T, Yokohama, Japan).
The reproduction/developmental study The study consisted of 4 dosing groups, and each group comprised 13 males and 13 females. Administration was begun at 10 weeks of age, 2 weeks prior to mating in both, males and females, and was performed by gavage -tration was designated as Day 1 of treatment. Mating was performed by co-housing one male and one female from the same treatment group for a maximum of 2 weeks and -mation of mating, each female was housed individually, -nated as Day 0 of gestation. Administration was continued during the mating period and gestation period, until 3 days after delivery for females. For males, the administration was continued through and after the mating period, for a total of 42 days. For females that had copulated but did not deliver or for females that had not copulated, the administration was continued until 25 days after copulation or to Day 52 of treatment, respectively.
Clinical conditions were observed daily, and body weights and food consumptions were measured weekly.
on Days 0, 7, 14 and 20 of gestation, and their food consumptions were determined on Days 0-1, 7-8, 14-15 and 20-21 of gestation. When the females delivered live fetuses, they were weighed on Days 0 (the day of delivery) and 4 of lactation, and their food consumptions were determined on Day 3-4 of lactation.
The estrous cycle was monitored daily until copulation. The females that had copulated were allowed to deliver spontaneously and to nurse their own pups until Day 4 of lactation. During the lactation period, the number and sex of dead and live pups were recorded for each dam, and the external morphology and general condition of the live pups were examined daily. The dead pups were examined for external and visceral abnormalities, when possible.
All the males were killed for necropsy on the day after Day 42 of treatment by exsanguination under sodium pentobarbital anesthesia. Maternal animals were similarly killed on Day 4 of lactation, while their offspring were killed for necropsy on the same day by ether inhalation. The females that had not copulated during the mating period and the females that had copulated but did not deliver fetuses were also similarly killed.
At necropsy, males were examined grossly for abnormalities, and the testes and epididymides were dissect--ation with a buffered formalin solution for processing for histopathological examination. The other reproductive organs, such as ventral prostate and seminal vesicles a buffered formalin solution for histopathological examination. Females were examined grossly for abnormalities. Organs with lesions were dissected for histopathological examination. Ovaries, uterus and vagina from dams were dissected to determine the number of corpora lutea and implantation sites. Then, these organs were processed for histopathological examination. The absence of implantation sites in the uterus of females that had not copulated and females that had copulated but did not deliver fetuses euthanized by ether inhalation and were examined for of external and visceral abnormalities. Vol. 33 No. 4 of the incidence of animals in which the estrous cycle was altered, the copulation rate, the fertility index, the incidence of offspring with morphological abnormalities, and -ings in the histopathological examination were analyzed using the Mann-Whitney U-test. Data from the urinalysis urine quality test were analyzed using a chi-square test.
Statistical analysis
The other data were analyzed with multiple comparisons when comparing the data from more than 2 groups with those from the control. When comparing the data test. In the multiple comparisons, an analysis of variance following examination of the uniformity of variations by p value of less than
RESULTS
Effects of repeated dosing in the 28-day study
Neither, death nor moribund condition, was observed in any animal, but a few male and female animals in the 1,000 mg/kg group showed temporary salivation after dosing. Except that, there were no clinical signs related to the treatment, and the scores of the detailed observation of clinical signs in the compound treated groups were comparable to those in the control (data not shown). In addition, no abnormalities were observed in the neurobehavioral test at the last week of treatment (data not shown).
Changes in body weight and food consumption are illustrated in Figs. 1 and 2, respectively. While body weights of males and females in the compound treated groups changed similarly to those in the control group at any period, food consumption of females in the 1,000 mg/ kg treated group was slightly greater than in the control group, from Day 7 to 8 of treatment. Whereas the food consumption of females in this group tended to be greater thereafter, until the end of the treatment, no differences in food consumption were observed in males among any groups throughout the study.
As summarized in Table 1 , urine volume measured on the Day 23 of treatment was larger in the males given 300 mg/kg or more of the compound and in females given 1,000 mg/kg when compared with those in the control. males of these groups. These changes accompanied by an an observation of water feeding bottles placed in the metabolic cages. Urinalysis showed some minor changes and was not suggestive of any toxic effects (data not shown).
The hematology data are presented in Table 2 . At the end of treatment period, platelet counts were slightly lower in the 1,000 mg/kg treated females, but were statisti--trol. No changes were observed in any of the hematology parameters of males at the end of treatment period. At the differences between the males of compound treated and control groups, and were not suggestive any toxic effects. The blood chemistry data are presented in Table 3 . At the end of treatment period, a moderate increase in AST activity and a slight decrease in total protein concentration were observed in the 1,000 mg/kg-treated females, compared with those of control. In those data from males and those at the end of the recovery period from animals between the compound treated and control groups.
No significant differences from the control were observed in absolute organ weights or in organ weights relative to body weight in any of the compound treated groups of males (Table 4 ) or females (data not shown).
No abnormalities suggestive of any toxic effects were observed in any organs or tissues on gross examination at necropsy or histopathological examination (data not shown).
Effects of repeated dosing in the reproduction/ developmental study
As found in the 28-day study, temporary salivation was observed in a few animals given 1,000 mg/kg (data not shown). Except that, there were no clinical signs relating to the treatment.
Changes in body weight and food consumption of males are shown in Figs. 3 and 4 , respectively. The compound did not affect body weight increase or food consumption, at any dose level.
Changes in body weight and food consumption of females are shown in Figs. 5 and 6, respectively. The compound did not affect body weights until Day 14 of gestation, at any dose level, while food consumption of the 1,000 mg/kg treated group was slightly higher than that of the control at the beginning of the dosing. During Days 14-20 of gestation, however, maternal body weight gain was reduced in the 300 mg/kg or more treated groups, while the food consumption that was determined during this period (Day 14-15 of gestation) and body weight on , 300 (hatched column) or 1,000 mg/kg/day (closed column) in the repeated dose 28-day oral toxicity study. Each column represents average for 5 animals in the 100 or 300 mg/kg-treated group and for 10 animals in the 0 or 1,000 mg/kg-treated group. During the recovery period, it represents the average for 5 anip < 0.05. Urinary volume (ml/24 hr) Males Females 15.6 ± 2.2 11.7 ± 3.5 15.6 ± 2.1 11.9 ± 3.4 20.9 ± 4.7* 13.0 ± 4.3 23.8 ± 4.7** 22.1 ± 7.5** 18.3 ± 4.7 13.3 ± 2. TP, total protein; A/G, albumin ratio to globulin (TP -albumin); BUN, blood urea nitrogen; T. Cholest., total cholesterol; T. Bil., total bilirubin; Inorg. P., Inorganic Vol. 33 No. 4 the day of delivery (Day 0 of lactation) were higher in the 1,000 mg/kg treated group and in the 300 mg/kg or more treated groups, respectively, compared with those in the control. During the lactation period, maternal body weight gain and food consumption in the 1,000 mg/kg treated group were smaller than those in the control.
Terminal body weight and the weights of testes and epididymides of the male rats treated for 42 days are shown in Table 5 . The compound did not affect the terminal body weight, at any dose level. While no differences were observed in the absolute or relative testicular weights between the control and the compound treated -er in the 1,000 mg/kg treated group than in the control group. Histopathological examination revealed that there were lumens containing no or few spermatozoa, i.e., oligo/azoospermia, in the cauda epididymis in all the males of this group (Fig. 7) , while none of their caput epididymis showed the same abnormality. In addition to this, the number of animals with cell debris in the cauda epididymal lumen was increased in this group, although it was Adrenal glands (mg) 50.9 ± 3.6 45.6 ± 5.6 54.6 ± 4.6 47.1 ± 6.3 52.7 ± 6.0 55.8 ± 6.8 Values represent average ± S.D. Vol. 33 No. 4 control. Males in the groups given 300 mg/kg or less did not show such abnormalities at any part of their epidi--ed to the doses of the compound were observed.
Reproductive performances in the reproduction/ developmental study
Except one female in the control and one female in the 100 mg/kg treated groups, all the females revolved on a regular 4-day estrous cycle until mating (data not shown). Mating performance and dam data are shown in Table  7 . None of indices for mating performance were different between the compound treated group and the control group. In addition, the number of corpora lutea, which represented the number of oocytes shed for impregnation, was not different between these groups. Thus, the compound did not affect the estrous cycle, ovulation or mating, at any dose level. rats treated orally with 4-methylbenzoic acid at a dose -velopmental toxicity screening test. Administration of the compound was started 2 weeks prior to mating, and was continued through mating period and gestation period until 3 days after delivery. Each value during the pre-mating treatment period represents the average for 13 animals. That during the gestation and lactation periods represents the average for 9-13 dams. * and ** and 0.01, respectively. Vol. 33 No. 4 Although all of the females that had copulated in the 100 mg/kg and less treated groups became pregnant, one such female and four such females in the 300 mg/kg and 1,000 mg/kg treated groups, respectively, did not become -tility between the control and the 1,000 mg/kg treated groups, which indicated that the compound disrupted fertility at 1,000 mg/kg.
As shown in Table 7 , pregnant females delivered live fetuses without differences in gestation length between the control and the compound treated groups. However, the implantation index and the number of pups born were groups. Furthermore, the numbers of pups alive on Days mg/kg treated group than those in the control. The other dam data, such as the birth index, the live birth index and the viability index on Day 4 of lactation, were not affected by the treatment. In addition, pup body weights at birth and on Day 4 of lactation and the sex ratios on these days were not affected by the treatment, in any group.
At necropsy of females, the uterus of the female that failed to become pregnant in the 300 mg/kg treated group showed ballooning and accumulation of cloudy fluid. Histopathology of the uterus revealed lumen dilatation and endometrial stroma, with edema in the endometrial stroma. In the 1,000 mg/kg treated group, however, no abnormality was observed in the reproductive organs of the four females that failed to become pregnant, either, at the gross necropsy or in the histopathological examination of the ovary, while a moderate increase in atretic follicles was observed in one of the females. Including this -ry related to doses of the compound (data not shown).
No abnormalities in the morphology or behavior of pups was noted in any group, except the following occasional cases in a single dam of the 1,000 mg/kg treated group: temporary cyanosis at birth and dilatation of renal pelvis at necropsy on Day 4 of lactation in one male pup. Administration of the compound was started 2 weeks prior to mating, and was continued through mating period and gestation period until 3 days after delivery. Each value during the pre-mating treatment period represents the average for 13 females. That during the gestation and lactation periods represents the average from control at p < 0.05 and 0.01, respectively. Table 5 . Weights of testes and epididymides in rats treated orally with 4-methylbenzoic acid for 42-days in reproduction/developmental toxicity screening test Dose (mg/kg) 0 100 300 1,000
Days of lactation Days of gestation
Number of animals 13 13 13 13
Body weight (g) 527.9 ± 37.8 549.9 ± 42.8 541.6 ± 26.6 542.4 ± 30.7
Absolute weight Testes (g) 3.37 ± 0. 
DISCUSSION
Although the results obtained from the present studies are limited to short-term oral toxicity of 4-methylbenzoic acid, they indicate some toxicological properties of the compound. Namely, inconsistent effects of the compound on the epididymis indicate different toxicological potencies of the compound in male animals between the 28-day study and the reproduction/developmental study. While oral daily administration with 1,000 mg/kg of the compound reduced epididymal weight and caused oligo/ azoospermia in the cauda epididymal lumen in the reproduction/developmental study, the same dose of the compound did not cause such effects in the 28-day study.
Thus, the compound exerts adverse effects only on adult males when given for 42 days. Except that, repeated administration of 1,000 mg/kg of the compound led to similar results in males in both studies, such as a temporary salivation after dosing and no effects on body weight increase or food consumption. Therefore, the inconsistencies may be caused by differences in the timing or duration of administration.
The oligo/azoospermia seemed to develop at the distal part of the epididymis, since no abnormalities were observed in the caput epididymis and since there were normal lumens in the cauda epididymis. As reported by Robaire et al. (2006) , spermatozoa enter the epididymis vas deferens by smooth muscle contraction. In the reproduction/developmental study, the oligo/azoospermia developed where mature spermatozoa are stored. Spermatozoa are found in seminiferous tubules at the time of puberty, approximately 6 weeks of age in the rat, and it takes at least 10 or 15 days to reach the cauda epididymis (Sommer et al., 1996; Robaire et al., 2006) . We have con--da epididymis at 56 days of age at the youngest in the Sprague-Dawley derived inbred rats, which attain puberty at a comparable range of ages to Sprague-Dawley rats (Sato et al., 2002) . Since the compound was administered for 4 weeks in the 28-day study, from 5 weeks of age, for a short period. The storage period of spermatozoa in the cauda epididymis is estimated to be one week. In contrast, the compound was administered from 10 weeks of age in the reproduction/developmental study and could for 42 days. The inconsistent adverse effects of the compound on the cauda epididymis between the studies could be explained by either, the timing or the duration, of the administration.
Although the results obtained from the reproduction/ developmental study seemed to suggest epididymal spermatozoa as the toxicological target of the compound, 4-methylbenzoic acid could influence spermatozoa function during their transit to the cauda epididymis. It has been reported that spermatozoa become functionally mature during transit to the distal part of the epididymis, while they are protected from oxidative stress and harmful xenobiotics by the blood-epididymis barrier and different types of antioxidant enzymes in each segment of the epididymis (Tengpwski et al., 2007; Kim et al., 2004; Robaire et al., 2006) . Therefore, detailed investigation of the effects of the compound on production, function and transition of spermatozoa is required. The reproduction/developmental study revealed that the compound reduced fertility of animals within a relatively short period of dosing, since the four males that failed to impregnate in the 1,000 mg/kg treated group had copulated on Days 16, 19, 19 and 28 of treatment. Furthermore, the compound increased preimplantation loss and decreased implantation index at a lower dose level than that caused oligo/azoospermia. It is not clear whether the reduced fertility and the increase in the preimplantation loss are consequent effects of the compound on the epididymal spermatozoa or are effects on such as fertilization, early embryonic development or implantation, although the results obtained from the reproduction/developmental study indicate no adverse effects on female reproductive function until mating.
Because mating was done within the same dose groups (Nagao et al., 1997; Yamamoto et al., 1999) , although estrogenic potency of 4-hydroxybenzoic acid was observed in a uterotrophic assay (Lemini et al., 1997) . Detailed investigation, such as crossover matelucidate the characteristics of the reproductive toxicity of 4-methylbenzoic acid.
In the reproduction/developmental study, maternal body weight was reduced during the latter period of gestation at the dose levels of 300 mg/kg or more, whereas it did not affect female body weight, at any dose level, in the 28-day study. It is clear, however, that the decrease in the maternal body weight was not caused by the direct toxicity of the compound. It was caused by a small litter size resulting from a reduced number of implantations, as discussed above, since fetal weight in the uterus greatly contributes to maternal body weight during the latter period of gestation. Comparable or greater food consumption during this period and greater body weight after parturition in dams of these groups also indicate no adverse effects of the compound on the maternal animals. Decreases in food consumption and body weight gain during the lactation period in the 1,000 mg/kg treated group might be physiological changes due to a smaller demand of nutrition for the small litter size. the 300 mg/kg or more treated groups. The change, however, was reflected the increase in urine volume due to increased water consumption, and did not accompany morphological alterations or functional impairments of their kidneys. Therefore, the change was judged as a physiological response. Except for the effects on the epididymis in the reproduction/development study, no systemic effect of the compounds was observed in the males of both studies.
In the females, a slight increase in food consumption was observed in the 1,000 mg/kg treated group at the beginning of dosing in both studies. In the 28-day study, increase in AST activity and decrease in serum total protein concentration were observed in the 1,000 mg/kg treated females. Since increase in AST activity has been reported as an effect of 3-methylbenzoic acid (CAS No. 99-04-7) in the study noted above (Yamamoto et al., 1999) , 4-methylbenzoic acid may slightly alter female AST activity. Thus, the compound affected females at the dose level of 1,000 mg/kg. However, all these changes did not accompany structural changes and changes in organ weights. Therefore, repeated dosing of the compound may affect females at the dose level of 1,000 mg/ kg, but may not affect adversely, at any dose level.
From these results, the no-observed-effect-level (NOEL) for reproductive toxicity is considered to be 100 mg/kg, whereas 1,000 mg/kg did not show any effect on neonates. That for repeated dose toxicity is considered to be 300 mg/kg for male and female rats in the both studies, but toxic effects on the epididymis differed between the studies. Thus, 4-methylbenzoic acid has a potential for reproductive toxicity and deserves further study, taking the exposure state into consideration, as discussed above, since it has been reported that the reproduction/ developmental study provides screening information but does not provide a complete characterization and evaluation of reproductive or developmental toxicity (Gelbke et al., 2004) .
